The structure of the title compound 3, C39H32, obtained for the first time by Schlenk and Bornhardt (1912) from triphenylmethyl (1) and diazomethane (2) has been determined by 14 C-tracer technique, NMR spectroscopy and X-ray analysis. It crystallizes in the monoclinic space group C2/c with Z = 4, a = 9.943(6), b= 19.054(3), c= 14.708(2) A and ß = 101.80(2)°. The structure was solved by direct methods and refined by full-matrix least squares to R = 0.046 for all 2625 reflexions (|Fol >0). On account of steric repulsions between the phenyl rings at both termini the central propane bond angle <p is stretched to 127.2°, whereas the bond lengths are not much affected. The X-ray results are compared with those of , obtained on a triclinic crystal modification (Pi) of 3. A fair agreement of bond lengths and angles is observed, the slopes of the homochiral propellers, however, aro different in both modifications. The measurement of the N2-evolution shows that the mechanism of formation of 3 from 1 and 2 is different in the photochemical and dark reaction. A carbene respectively a one-electron transfer mechanism is suggested. In spite of the remarkably normal CC-propane bond lengths homolytic cleavage of these bonds to give 1 is observed at 200-220 °C using the ESR technique.
Historical Background
The crystal structure of the first undamped hexaphenylethane, [hexakis(2,6-di-fer£-butylbiphenylyl)ethane], revealed an unexpectedly short central CC-bond length of 1.47 A [1] , In order to find the reason for this behavior, we started an X-ray investigation of hindered alkanes [2] . As a second example we selected 1,1,1,3,3,3-hexaphenylpropane [3] for the following reasons:
1. As early as 1912 Schlenk and Bornhardt [3] In connection with our investigations into free radical reactions of diazoalkanes [4] we repeated the experiment of Schlenk and Bornhardt [3] in * Reprint requests to Prof. Dr. W. Winter (X-ray analysis) or Prof. Dr. A. Rieker. ** Present address: Institut für Gerichtliche Medizin der Universität Tübingen, Nägelestraße 5, D-7400 Tübingen. 0340-5087/82/1200-1623/$ 01.00/0 1964 and obtained 3 in 46% yield, although the compound showed a lower melting point (214 °C) as compared with the value given by the aforementioned authors (216 °C). Later, it turned out that free radicals of the phenyl-X type, e.g. phenoxy radicals [5] , can incorporate two methylene groups originating from the diazoalkanes. Therefore, it seemed worthwhile investigating the structure of 3 with modern facilities.
2. At first glance one is tempted to assume that, owing to the methylene bridge between the triphenylmethyl centers, the steric strain in 3 would be less than in hexaphenylethane. The inspection of models, however, reveals a high strain between the phenyl groups attached to carbons 1 and 3 of the propane chain. Severe repulsive nonbonded interactions between phenyl groups in the bis(triphenylmethyl)oxide or sulfide and between triptycyl groups in bis(9-triptycyl)methane and derivatives as well as in bis(9-triptycyl)ketone are indeed indicated by the X-ray analyses of these compounds showing an extraordinary widening of the central C-C-C bond angle (120-129°) [6] [7] [8] . On the other hand, this effect is not restricted to the presence of phenyl groups, as is demonstrated by the X-ray analysis of 2,2,4,4-tetramethylpentane [9] . Therefore, it should operate also in 3, as was predicted by Mislow et al. [8 a] . We were also interested in how the steric hindrance in 3 would influence the length of the CSp3-CSp2 bond to the phenyl rings, which turned cut to be lengthened in hexakis (2,6-di-tertbutyl-biphenylyl)ethane [1] .
At about the same time and not independently of us [8b] Blount, Mislow, et al. started an X-ray investigation of 3 in the context of their work on molecular gearing [10] [11] [12] , They determined the space group Pi for their crystals [13] , whereas our crystals of 3 (see below) showed C2/c. Since Blount, Mislow et al. went ahead with publication of their results [14] without consideration of this fact, the additional burden of looking for the reason for it was laid on our shoulders.
Experimental
1. General Methods. 1 H NMR spectra were taken with Varian A 60 and Bruker WM 400, 13 C XMR spectra with Bruker WP 80 spectrometers, TMS as internal standard. IR-spectra were recorded on a Perkin-Elmer 281 spectrometer. Mass spectra were taken with the MAT-711 spectrometer (inlet temperature ca. 180 °C, ionisation energy 20 or 70 eV). ESR investigations were carried out with a Varian E 12 spectrometer (S 122 computer). Radioactivity was determined with a Packard Tricarb Scintillation spectrometer. Melting points were obtained by using a Tottoli apparatus and are reported uncorrected. Solvents for crystallization were freshly distilled before use. All reactions were performed under purified nitrogen as inert gas.
1.1,1.3.3,3-Hexaphenylpropane
a) In the dark: 4.90 g (10.1 mmol) of the dimer of triphenylmethyl, prepared from chlorotriphenylmethane and zinc dust according to Gomberg [16] , were dissolved in 100 ml of benzene (nitrogen-atmosphere!) and treated with 100 ml of a 0.5 X solution of diazomethane (50 mmol) in ether. After standing for about 7 h at 20 °C in the dark the solvent was evaporated in vacuo. The residue was first recrystallized from glacial acetic acid, then from ligroine (b.p. 100-140 °C) to give 2.3 g (46%) 3: m.p. 214 c C (lit. [3] 13 C-XMR (CDCI3): 147.0 (C-l'), 129.4. 127.0 (C-2',6', C-3',5'), 125.1 (C-4'), 56.6 (C-l). 48.9 (C-2.
H= 127. From these values the number of CH2-groups in 3a is determined as 811:847 = 0.96 ~ 1.0 relative to [ 14 C]-methyl 3-nitrobenzoate.
Kinetic Investigations a) Time dependence oj the yields of 3
16.4 g (33.7 mmol) of the dimer of 1 were dissolved in 160 ml of benzene (nitrogen atmosphere), subsequently 180 ml of 0.6 X ethereal diazomethane solution (108 mmol) were added. At determined intervals samples of 20 ml of the reaction mixture M ere removed, rapidly shaken w ith oxygen until the unreacted 1 was completely consumed, cooled and filtered from the precipitated bis (triphenylmethyl)-peroxide. The filtrate was worked up as described in 2a): The yields of 3 (in %) were (reaction times in 
b) Measurement of the N2-evolution
The apparatus of Fig amounts of other gases (e.g. ethene [18] , and, in the light reaction, for No-evolution by the dark process.
ESR Measurements
A sample of 3 was sealed in vacuo in a glass tube and put into the preheated cavity (200 °C) of the ESR spectrometer. It showed no ESR signal at 200 °C, however, at 220 °C the sample (which had only partially melted) revealed a slightly yellow colour, and a strong ESR signal appeared. The moderately resolved hyperfine structure and the overall width indicated the presence of 1. At about 230 °C the melted sample was deep yellow and the ESR signal of increased intensity consisted of a single broad line. The experiment was repeated in solution: 2.5 X 10~2 M solutions of 3 in toluene or trans-decaline were prepared at ambient temperature in the ESR tube. Nitrogen gas was bubbled through the samples for ca. 30 min and the tubes were sealed under nitrogen. They were then heated outside the ESR spectrometer for 1 h at 205 °C and afterwards measured at room temperature. A good resolved ESR spectrum of 1 was obtained, identical in every respect to a spectrum taken from a solution of 1 prepared by the reaction of chlorotriphenvlmethane with silver powder in toluene. The ESR spectrum of the decaline sample was also taken at temperatures of 205, 210, 215, 220. 225. 230, and 235 °C (temperature of the ESR probe). Only small changes in the intensity of the signal were observed.
X-ray analysis
Large crystals of high quality could be obtained by vapor diffusion of petroleum ether (50-70 °C) into a solution of 3 in benzene at room temperature. With a specimen of dimensions 0.13 X 0.55 x 0.62 mm 3 , monoclinic diffraction symmetry was obtained and systematic extinctions indicated the space groups Cc or C2/c. Cell dimensions were determined on a NONIUS CAD 4 diffractometer (MoKa, graphitemonochromator): a = 9.943(6). b = 19.054(3). c = 14.708(2) A, ß = 101.80(2)° and V = 2727.6 A 3 .
Intensities were collected within a 20-range of 6 to 60° with variable scan width (Zlco = O.8 + O.35tan0) and variable scan speed (max. 60 s) in the w-mode. After data reduction, 2625 independent reflexions with I ^ 2cr(I) were used for further calculations. The structure could be solved by direct methods [19] and refinement by full-matrix least squares showed that the correct space group was C2jc with Z = 4. All hydrogen atoms were located in difference Fourier maps and refined with isotropic temperature factors (anisotropic thermal parameters were used for the nonhydrogen atoms 
Results and Discussion
General structural investigations on 3
Apart from an elementary analysis of medium quality performed in 1912 [3] apparently no structural determination has been undertaken on 3. The reaction of 1 and 2 can. in principle, lead to a combination of one or more methylene groups with two radicals 1. Indeed, we could show that phenoxy radicals, other examples of plienyl-X type radicals, are able to react with two equivalents of 2 [5] . Moreover, attack in the para (and/or ortlio) position of the phenyl rings of 1 has also to be considered. Besides 3, structures 4 and 5 are therefore the most reasonable candidates.
Both of the latter compounds are described in the literature, and their reported melting points (4: 287 °C [21] ; 5: 177 °C [22]) are different from that of our sample (214 °C). Since in 1964, when we first repeated the experiment of Schlenk and Bornhardt, no high-resolution physical methods were available to us, we performed the reactions of 1 with relabeled diazomethane 2a; a part of the same solution of 2 a was used to transform 3-nitrobenzoic acid into [ 14 C]-methyl 3-nitrobenzoate. The radioactivities of the obtained products from 1 and from methyl 3-nitrobenzoate were measured with a scintillation counter (see experimental section). The measured activity (reduced to equal molar amounts) is expected to be the same for 3 and 5, and twice for 4 with respect to that found for 3-nitrobenzoate. The experimental value 0.96 (taken from Table I) clearly excludes 4 and all other structures resulting from the insertion of more than one methylene group. This is further supported by the mass spectrum of 3, showing a very small molecular peak of mje = 500 [2(C6H5)3C -f-CH2]+. For the interesting fragmentation pattern vide infra.
The distinction between structures 3 and 5 is easily achieved in favour of 3 by 1 H and 13 C NMR spectroscopy. The 1 H NMR spectrum (60 MHz) shows two singlets for the aromatic and aliphatic protons each (intensity relation 1:15). In the 400 MHz spectrum the aromatic protons reveal two multiplets; a detailed assignment was not intended. The 13 C NMR spectrum (coupled and broad-band decoupled) allowed for a straightforward assignment (see experimental section). It is only for the signals of C-2', 6' and C-3', 5' that there remains some uncertainty. The coupling constant l JC_2/H-2 of 127.5 Hz is indicative of an enlarged angle cp (C-1/C-2/C-3), which had been pointed out already by Baum et al. [23] (vide infra). Dynamic processes are not evident in the 13 C NMR spectrum of 3 at ambient temperatures.
X-ray analysis
The structure 3 was finally proved by X-ray analysis*, which also provided an answer to other * In the discussion of the X-ray analysis the atomic numbering given in Fig. 3 is used for practical reasons. problems formulated in the introduction to this paper. As has already been mentioned, Blount et al. [14] have very recently determined the crystal structure of 3 in a triclinic modification. With the cell dimensions given by these authors, it is not possible to transform the triclinic into the monoclinic C-centered cell found by us. Obviously, the authors have not overlooked a hidden monoclinic symmetry, as occasionally happens for the space groups Pl-C2/c [24] . We have tried hard to find the conditions, under which either triclinic or monoclinic crystals are formed, but a dozen further crystals investigated all showed monoclinic diffraction symmetry with identical cell dimensions. These crystals included species, which had been gained by crystallization from acetic acid and then from petroleum ether (130-150 °C) or heptane. Therefore, our first suspicion that the monoclinic and triclinic crystals represent "low-temperature" -and "high-temperature" -modifications could not be confirmed. For the moment, we cannot give any explanation for our unsuccessful search for the triclinic 3. Perhaps there is only a very small abundance of this modification, and Blount et al. [14] selected a triclinic crystal by chance.
In the monoclinic modification 3 has a crystallographically imposed C2-symmetry, as depicted in Fig. 3 . According to the rules of Kitaigorodski [25] , this result is not surprising: one of the most suitable space groups for crystals with molecules of C2-symmetry is C2/c, because in this case optimal packing is guaranteed. The volume of the triclinic cell found by Blount et al. [14] (1398.1 A 3 , calculated using the published cell dimensions) is indeed higher by ca. 35 A 3 than the volume of our monoclinic cell (2727.4:2 = 1363.7 A 3 ).
It is of interest to compare the molecular structures of hexaphenylpropane in the triclinic and the monoclinic packing arrangement with respect to bond lengths, bond angles and torsional angles. First of all, we have calculated the deviations of the triclinic form from ideal C2-symmetry using the coordinates published by Blount et al. [14] : pseudoequivalent bond lengths and angles are identical within 2 a in the central part of the molecule [26] and become slightly larger in the "outer sphere", obviously a result of the higher thermal motion of these atoms. However, the angles around the benzene carbon atoms C3 and C3A (Fig. 3) respectively C21 and C51 (Blount et al. [14] ) differ significantly up to 2.8°. The largest deviations from C2-symmetry are found in the torsional angles of the triclinic hexaphenylpropane; especially at those torsional angles which describe the slope of the phenyl propellers. Here, differences between 10 and 16° are found, whereas the differences in the stag-162(5 \V. Winter et al.
• Sterically Hindered Alkanes gered "propane part" are only between 1 and 3.5° (see below. Table VI) .
When we compare this nearly C2-symmetrical triclinic hexaphenylpropane with our monoclinic one of perfect C2-symmetry, we can detect no significant differences in bond lengths and angles for the central propane part. In Table V , a summary of the corresponding bond lengths and angles in both modifications is given. As expected, a similarly large angle <p at Cl (carbon 2 in the IUPAC nomenclature) is found and even small deviations of bond lengths and angles within each modification are found in both forms, e.g. the elongated C2-C15 bond, the enlarged C 1-C 2-C 9 angle and the slightly depressed C1-C 2-C15 angle.
However, the differences in molecular packing cause marked deviations of the torsional angles in both forms, especially of the phenyl-propeller slope torsional angles, as shown in Table VI .
Mechanistic aspects
Although the main goal of this work was the structural determination of 3, a few results on the formation and redissociation of this propane will be discussed in this chapter.
The formation of 3. A rough determination of the reaction time via the isolated yields of 3 showed that, in the dark, 80-90% of the final conversion was achieved after about 5 h (Schlenk and Bornhardt [3] used 24 h with several additions of 2, they did not give, however, any yields). A more exact Table II in ref. [14] , are reversed, because our coordinates describe the opposite chirality with respect to the coordinates, which are published for triclinic 3.
pursuit of the reaction is possible by measuring the volume of the evolved nitrogen with time. Since apparative effects hard to control are known to determine the decomposition of 2 [18] , a rigorous kinetic investigation was not undertaken. In order to keep the number of artefacts as small as possible, the apparatus used ( Fig. 1) was the same for all Tactions, i.e. for photochemical and dark reactions with and without 1 as substrate.
There is a characteristic difference between the light and the dark reaction (Fig. 2) . To a first approximation, the N2 development in the light reaction (and hence the decomposition of 2) is the same whether triphenylmethyl is present in the reaction mixture or not, and not strictly follows first-order kinetics.
Photolysis (and thermolysis, see below) of diazoalkanes is assumed to be the only method which produces free carbenes [18, 27, 28] . According to [27] , illumination of 2 should produce an electronically excited species via n n* excitation (2). The excited molecule then decomposes in the photochemical primary process into N2 and :CH2 in the singlet state (S 1 ). Methylene :CH2 exists only as an intermediate and reacts further with the substrates present. By intercombination in inert solvents or gases triplet methylene (T 1 ) may be produced by intersystem crossing [29] . 
1 (C6H5)3C-CH2-+ (C6H5)3C--> (4) (C6HÖ)3C-CH2-C(C6H5) 3 3 Accordingly, in our case, the rate determining step would be the formation of CH2 from 2, followed by the secondary reaction of CH2 with 1, which might be expressed by the simplified sequences (3) and (4) . We don't know the multiplicity of the reacting :CH2, in any case, this species should react directly with the monomeric 1. An "insertion reaction" [27] of singlet methylene into the central bond of the dimer of 1 can be ruled out, since it should finally lead to 5.
There remains the reproducible fact that the rate of N2-evolution from 2 in the presence of 1 is slightly smaller than in the absence of 1. Possibly, excited 2 partially reacts with 1 to form a X2-embodying intermediate, which loosens X2 more slowly than photochemically excited 2. A comparable "inhibitive" action on the ^-evolution during photolyses of 2 is also observed in the presence of cyclohexane [18] . The clarification of this effect obviously deserves further experiments.
Contrary to the light reaction, the rate of X2-evolution from 2 in the dark reaction is much higher in the presence of 1 than in the blank test (Fig. 2) . For the latter a homogeneous firstorder reaction [18. 30] was observed (in cyclohexane at 25 °C: T1/2 ca. 74 h. k = 0.26-10-5 s-i [18] ) and explained [27] by the formation of methylene in this process, too, although "relatively little work has been done on the thermal decomposition of aliphatic diazo compounds" [30] . We can conclude that the X2-cleavage in 2 to give methylene cannot be rate determining in the dark reaction of 2 with 1. Diazomethane (thermally excited) seems to react directly with 1 as suggested in equations (5) to (7): The originating step (5) would be a one electron transfer from 2, which is known to occur e.g. in the anodic [31] [32] [33] or chemical [34] oxidation of diazoalkanes. An induced or chain process seems also to be possible [32] , The sequences (6) and (7) are less evident; a deprotonation of (C6H5)3CCH2X2® by trityl anion formed in step (5) and further connected reactions have also to be considered.
It is of great interest in this context, whether reactions (4) and (3) are reversible, i.e. whether the C-l/C-2 bond in 3 tends to dissociate thermally. Although Schlenk and Bornhardt [3] stated 3 to be completely stable, the mass spectrum (inlet system 180 °C) shows that the molecular peak is very low. The base peak is caused by a fragment (CeHs^C® and the second largest fragment peak by (CÖUS^C-CH2® (or a rearranged ion of the same mass). Furthermore, we observed a bright yellow colour of the melt of 3 when heated slightly above the melting point (220-230 °C). indicative of a radical of type 1. ESR measurements of the melt or of 3 heated to 205-235 °C in toluene or transdecaline (see experimental section) give ESR spectra which clearly demonstrate the presence of 1. Thus, at temperatures of 200-220 °C, at least equation (4) is reversible, although the radical -C^C^Hs^ or the rearranged species CeHsCH^CeHs^C- [35] could not be observed. Further aspects of the thermolysis and the product palette are currently being investigated. Here Ave should like to point out one consequence: the bond C-l/C-2, the length of which has been determined by X-ray analysis to be 1.566 A, dissociates at about 200-220 °C, whereas the central C-C bond in 6 with a length of 1.567 A [2] did not show a dissociation into the radicals 7 at 230 °C in l,3-di-£erf-butylbenzene [36] or even at 300 °C in ether [2] , Other examples may be found in Table III of literature [37] . We have no indication of an induced decomposition of 3, a chain 6 7 reaction [38] or a secondary production of 1 from 3. Obviously, a direct and quantitative relation between bond lengths in alkanes and their degree of dissociation into radicals does not generally exist, although it has often been held as an argument and is supported by prima facie evidence (free activation enthalpies AG+ correlate with calculated strain enthalpies Hs, the latter, in turn, with the CC-bond lengths in question [39, 40] ). However, homolysis of a bond is not only determined by its length compared to a "standard" bond length [39, 41] . Moreover, X-ray data describe the molecules packed in the crystal, while degrees of dissociation are measured in solution and calculations refer to an isolated molecule [42] , As a consequence, a short central bond length in hexakis(2,6-di-fer£-butylbiphenylyl)ethane does not a priori exclude its high degree of dissociation [1] ,
Conclusions
We did not find the modification with space group Pi, reported by Blount et al. [14] , all crystals of 3 investigated by us so far showed space group C2/c, although several of them had been prepared under the same conditions as used by the aforementioned authors.
Triclinic and monoclinic molecules of 3 are very similar with respect to bond lengths and bond angles, but differ in the most flexible part of the molecule: the slopes of the homochiral propellers. The corresponding values of the torsional angles in monoclinic 3 (with crystallographically imposed C2-symmetry) lie between the pairs of values in the triclinic modification. Hence, the conclusions drawn from the above mentioned authors [14] with respect to molecular gearing remain valid.
The large central angle cp in both modifications is a consequence of the steric hindrance between the phenyl rings C9-C14/C3A-C8A and C 3-C 8/C OA-CM A, i.e. the close contacts of 3.166, 3.168, 3.256, 3.276 and 3.379 Ä between atoms C4-C9A, C3-C14A, C4-C14A, C3-C9A and C8-C14A (and the releated atoms C4 A-C9. ..
. etc.).
On the other hand, the considerable internal strain of the molecule does not lead to a remarkable stretching of the C-l/C-2 bond (1.566 A) in 3. Nevertheless, this bond is homolytically cleaved at about 200 °C. This observation indicates that correlation of bond lengths, determined in crystals, with degrees of bond dissociation in solution should be treated with reservation.
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